Background: Near-infrared spectroscopy (NIRS) continuously measures regional cerebral oxygen saturation (rSO2) noninvasively and has been shown to detect even small changes in cerebral oxygen supply-demand balance. Although widely used, only the effect of midazolam on cerebral blood flow has been studied in humans and evidence is lacking about its effect on cerebral metabolic rate. We therefore evaluated the effect of midazolam on cerebral oxygen supply-demand balance with NIRS.
INTRODUCTION
During induction of general anesthesia, tracheal intubation can be far more stimulating than surgical incision requiring profound depth of anesthesia often at the expense of hypotension and bradycardia which may result in decreased cardiac output and myocardial ischemia [1, 2] . Various induction agents and techniques have been introduced for patients with coronary artery occlusive disease. Among them, combination of either midazolam or propofol with sufentanil is being widely used with numerous studies reporting their hemodynamic stability [3] [4] [5] .
In addition to their safety profile in hemodynamic stability, propofol and sufentanil have been well studied in human subjects in terms of cerebral oxygen supply-demand balance with both agents decreasing cerebral blood flow and metabolism to a similar degree [6] [7] [8] . Although widely used, only the effect of midazolam on cerebral blood flow has been studied in humans and evidence is lacking about its effect on cerebral metabolic rate [9, 10] .
Near-infrared spectroscopy (NIRS) continuously measures regional cerebral oxygen saturation (rSO2) noninvasively and has been shown to detect even small changes in cerebral oxygen supply-demand balance elicited by etomidate [11] [12] [13] . rSO2 scores are also affected by many factors including changes in hemodynamic status, which is more prone to occur during induction of general anesthesia in patients with ischemic heart disease [14, 15] . By far, no comprehensive data exists regarding the influence of midazolam and hemodynamic changes on rSO2 scores during the induction period.
We, therefore, evaluated the effect of midazolam on cerebral oxygen supply-demand balance by continuous monitoring of rSO2 in a prospective, randomized and controlled trial with concomitant monitoring of hemodynamic variables including cardiac index (CI) and mixed venous oxygen saturation (SvO2).
MATERIALS AND METHODS
This was a prospective, randomized and controlled study. Arterial blood gas analyses were performed at T1 and T5.
Venous blood gas analysis was performed only at T1 for calibration of SvO2. End-tidal carbon dioxide tension (Et-CO2) was monitored with side-stream capnography of the anesthesia machine (Primus, Dräger, Lübeck, Germany) and also recorded at T2, T3, T4 and T5. During T3 and T4, the patients' ventilation were manually assisted to obtain same level of Et-CO2 as T2
at a peak airway pressure ＜15 mmHg. Tracheal intubation was facilitated with rocuronium bromide 0.9 mg/kg which was administered either after the patients no longer obeyed to verbal command to open their eyes or BIS score was below 60.
After tracheal intubation, the lungs were ventilated with a tidal volume of 8−10 ml/kg, at a rate of 8−12 breaths/min in 100% oxygen to obtain the same level of Et-CO2 as T2 without positive end-expiratory pressure during the study period.
During induction of anesthesia, 6−8 ml/kg of isotonic crystalloid solution was infused in all patients. Phenylephrine 100 μg was administered when the mean systemic arterial pressure (MAP) was decreased to below 60 mm Hg. Hemodynamic variables and rSO2 scores before and after phenylephrine administration were also recorded.
Statistical analyses were performed using SPSS 12.0 (SPSS Inc., Chicago, IL, USA). Data were assessed for normal distribution of variance with Kolmogorov-Smirnov test. All data are expressed as number of patients or mean ± SD. We determined that 22 patients would be required in each group with 90% power to detect a 10% difference in rSO2 score between the groups with a SD of 10% and alpha level of 0.05.
Data between the groups were compared using Chi-square test,
Fisher's exact test or independent t-test as appropriate. Changes between time points within the groups were compared using repeated-measures of ANOVA. A P value of less than 0.05 Values are mean ± SD or number of patients. No significant differences were observed between the groups. RAS: renin-angiotensin system, LVEF: left ventricular ejection fraction. Values are mean ± SD. L: left, R: right, T1: while patients were breathing room air, T2: 3 min after breathing 100% oxygen through tight-fitting anesthetic mask, T3: 5 min after administration of either midazolam 0.05 mg/kg or propofol mg/kg, T4: 3 min after completion of administration of sufentanil 1.5−2 mg/kg, T5: 5 min after tracheal intubation. * P ＜ 0.05 compared to propofol group, † P ＜ 0.05 vs T1, ‡ P ＜ 0.05 compared to value of the previous time point.
was considered as statistically significant.
RESULTS
Data from 60 patients were analyzed. Patients' characteristics were similar between the two groups ( Table 1) .
Changes in BIS and rSO2 scores are shown in Table 2 . BIS scores were significantly higher at T1, T2, T3 and lower at Arterial oxygen saturations measured by pulse oximetry were similar between the groups and were significantly increased after pre-oxygenation and remained constant thereafter throughout the study period in each group (Table 2) . Arterial oxygen tensions were 89 ± 16 mmHg, 391 ± 74 mmHg in the midazolam group and 86 ± 11 mmHg, 412 ± 70 mmHg in the propofol group at T1 and T5, respectively with both groups showing significant increase compared to baseline values at T1 of each group. Hematocrit concentrations were 37 ± 4%, 33 ± 4% in the midazolam group and 38 ± 4%, 35 ± 4% in the propofol group at T1 and T5, respectively with both groups showing significant decrease compared to baseline values at T1 of each group without any significant difference between the groups. Arterial carbon dioxide tensions were 38 ± 2 mmHg, 38 ± 4 mmHg in the midazolam group and 39 ± 3 mmHg, 38 ± 3 mmHg in the propofol group at T1 and T5, respectively without any significant differences between the groups. pH at T1 and T5 were all 7.45 ± 0.03 in both groups. Et-CO2 from T2 to T5 were similar between the groups with no significant differences between each time points within group (Table 2) .
Changes in hemodynamic variables are shown in Table 3 .
CI and central venous pressure (CVP) were similar between the groups throughout the study period with no significant differences between each time points within group. SvO2 and MAP were also similar between the groups throughout the study period. SvO2 was increased in both groups at T2, T3, T4 and T5 compared to baseline values of each group. MAP was decreased in both groups at T3, T4 and T5 compared to baseline values of each group.
Phenylephrine bolus to maintain MAP at predefined level was administered to 12 and 11 patients in the midazolam and propofol group, respectively. All phenylephrine boluses were required during or after sufentanil administration. In the 23 patients, MAP was decreased to a range of 51−60 mmHg and significantly increased after phenylephrine administration with no significant changes in rSO2 scores (Table 4) .
None of the patients developed ECG changes indicative of ischemia during the study period.
DISCUSSION
In this study, we could observe that midazolam preserves cerebral blood flow-metabolism coupling to a similar degree to propofol as assessed by NIRS. We could also observe that pre-oxygenation alone causes significant increase in rSO 2 scores and that neither midazolam nor propofol with sufentanil exerted additional increase on rSO2 scores. Transient decrease in MAP after sufentanil administration to a range of 51−60 mm Hg and subsequent increase with phenylephrine bolus was not associated with significant changes in rSO2 scores.
NIRS noninvasively provides continuous, real-time rSO2 and is being increasingly used to detect disturbances in cerebral oxygen supply-demand balance, especially in carotid endarterectomy and cardiac surgeries [16, 17] . It also has been validated to detect even small changes in cerebral oxygen supply-demand balance elicited by administration of etomidate during propofol anesthesia [13] . However, to evaluate subtle changes in cerebral oxygen supply-demand balance with NIRS after administration of a certain drug, other factors affecting rSO2 scores such as hemodynamic variables and hematocrit concentration should also be assessed and taken into consideration [18] [19] [20] [21] . In addition, to avoid confounding effects of other anesthetic drugs, which are known to affect cerebral blood flow and/or metabolic rate, the drug which is to be evaluated should be administered exclusively. In accordance,
we have assessed the effects of midazolam on cerebral oxygen supply-demand balance by NIRS, with strict control of arterial pH by maintaining Et-CO2 constant at its pre-induction value and concomitant monitoring of beat to beat hemodynamic changes including CI and SvO2. The reason we concomitantly monitored SvO2 was that, in case of constant cardiac output, any changes in SvO2 may reflect significant changes in the oxygen extraction ratio of major organs including the brain, which implies changes in oxygen supply-demand balance [22, 23] .
We also administered midazolam exclusively before any other anesthetics and used propofol as active control. Propofol already has been well studied in terms of preserving cerebral oxygen supply-demand balance in human subjects by reducing both cerebral blood flow and metabolic rate to a similar degree [7, 24] .
As our results indicate, arterial oxygen saturation, Et-CO2
and SvO2 remained constant after pre-oxygenation within each group and were also similar between the groups at all time points. CI, MAP and CVP were similar between the groups throughout the study period. CI and CVP also remained con- Midazolam, propofol and sufentanil are all known to preserve cerebral autoregulation [7, 8, 10] . The independence of MAP and rSO2 scores, shown when MAP was further decreased to below 60 mmHg after administration of sufentanil and subsequently increased with phenylephrine in the 23 patients, indicate preserved cerebral autoregulation and that MAP is an unlikely contributing confounder to the observed rSO2 scores [25] . Under the above mentioned conditions, the observed rSO2
scores assessed by NIRS indicate that midazolam preserves cerebral oxygen supply-demand balance to a similar degree as propofol.
Interestingly, Stoneham and Martin have reported reversing signs of neurological deficit following cross clamping of carotid artery by administration of 100% oxygen probably due to increase of the mitochondrial oxygen tension above the critical level to restart oxidative phosphorylation in ischemic cerebral neurones [26] . In accordance, Baraka et al [27] have reported significant increase of rSO2 scores assessed by NIRS after administration of 100% oxygen in 6 awake patients. They also reported that induction of general anesthesia resulted in further increase in rSO2 scores suggesting that monitoring of enhanced cerebral oxygen supply-demand balance by NIRS while applying high inspired oxygen fraction and induction of general anesthesia may decrease the need for shunting of the carotid artery. We could also observe similar results with high inspired oxygen fraction and rSO2 scores in all 60 patients supporting their suggestion. However, we could not observe additional significant increase in rSO2 scores after induction of general anesthesia. This observation may be in part attributed to decrease in hematocrit concentration as a result of hemodilution induced by administration of 6−8 ml/kg of isotonic crystalloid solution during the induction period [28] .
The limitations of our study are as follows. First, the rSO2 probes in this study were attached in the forehead measuring rSO2 of the watershed territory corresponding to the junction of anterior and middle cerebral artery [11] . Thus, our results may not accurately reflect changes of global cerebral oxygen supply-demand balance, although we have excluded patients with significant luminal narrowing of the carotid and vertebral arteries.
In conclusion, in addition to its' safety profile regarding hemodynamic stability, midazolam preserves cerebral oxygen supply-demand balance to a similar degree to propofol as assessed by NIRS during induction of anesthesia. The balance was maintained even when MAP was decreased to 51 mmHg, with intact cerebral autoregulation observed as independence of rSO2 scores and changes in MAP. The finding that pre-oxygenation alone caused significant increase in rSO2, merits further studies to evaluate its potentially beneficial effect on reversing neurological deficits and the role of NIRS as the monitoring device.
